Individual and contextual determinants of dental caries in Brazilian 12-year-olds in 2010 = Determinantes individuais e contextuais da cárie em crianças brasileiras de 12 anos em 2010 Revista de Saude Publica, 2013; 47(Suppl. 3):40-49 This is an Open Access article distributed under the terms of the Creative Commons Attribution NonCommercial License, which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. METHODS: Data were taken from the Brazilian Oral Health Survey (SBBrasil 2010) a sample of 7,247 12-year-olds. The data were collected using clinical examinations and interviews. The dependent variables were the prevalence of dental caries (decayed, missing and fi lled teeth [DMFT] ≥ 1 and DMFT ≥ 4). Bivariate (Rao Scott test) and multivariate (Poisson regression) analyses were carried out. The individual variables were sociodemographic variables, periodontal health and reporting discomfort while brushing. Contextual factors were the presence of water fl uoridation, the percentage of residences connected to the water supply and median income of the municipality.
2
Determinants of dental caries in children Freire MCM et al Dental caries is a global public health problem due to the pain and suffering it causes individuals, the high treatment costs and the impact on quality of life. 17 Although many countries have experienced decreasing levels of the disease in children in recent decades, in some countries the prevalence remains high, with prevalence above 50% in 12-year-olds. Moreover, some countries have even seen increases in prevalence. 17 There is evidence that the distribution of dental caries within populations is unequal and strongly linked to socioeconomic conditions. Thus, enduring inequalities in oral health conditions are found between countries and between different social groups within the same country. 18 Studies on social determinants of oral health problems have become more important and they usually include socioeconomic factors, such as levels of schooling, individual and family income and individual's occupation. 5 In recent years, the infl uence of contextual factors on the prevalence of dental caries has been analyzed, incorporating socio-economic and environmental indicators, such as per capita income, Human Development Index (HDI), Gini index, access to health care services and access to a water supply with added fl uoride. In Brazil, national oral health surveys have shown differences in the distribution of dental caries, with higher levels of the disease in population which are economically disadvantaged. 13 The association between contextual variables and school age children affected by dental caries has been reported in studies carried out since the beginning of this century in some municipalities 2, 9, 15 and in the country as a whole. 3, 12 Health care inequalities suggest the need for developments or changes to existing national and local systems, concurrently with efforts to eliminate disparities in the populations' socioeconomic conditions. 21 Thus, research seeking to assess the magnitude of the problem of dental caries and to clarify factors related to existing inequalities may contribute to public policies aimed at reducing inequalities.
INTRODUCTION
objective was to describe the oral health conditions of the urban population of Brazil in 2010. The methodology and principal results of the research have been published 20,a and the principal characteristics are described below. This study includes all of the 12-year-old individuals who took part in the SBBrasil 2010 project. a A probabilistic cluster sampling technique was used, with two stages in the 26 state capitals and the Federal District, and three stages in municipalities in the interior of the fi ve regions of Brazil. All of the state capitals were included in the survey and were considered domains (representative strata), as was each region, making a total of 27 domains for the state capitals and fi ve domains for the interior. The region domain was composed of 30 municipalities in the interior, randomly selected using the technique of probability proportional to size. The primary sampling units were census tracts (n = 30) in state capitals and municipalities (n = 30) in the regions. There were 176 Brazilian municipalities which participated in the survey of 12-year-olds.
For the 12-year-olds, a sample size of 8,000 individuals to be interviewed and examined in their homes was calculated. More information on the sampling process can be obtained in another publication. 20 The dependent variables were the two levels of severity of dental caries, as measured by the DMFT index, 25 the prevalence of dental caries (DMFT ≥ 1) and the prevalence of a high burden of dental caries, deemed to be the case in children with four or more teeth affected by the disease (DMFT ≥ 4). These oral health outcomes were estimated for each survey domain (state capitals and municipalities in the interior of each region)
The independent variables were organized into two levels of analysis: those assessed for each individual (socio-demographic characteristics and factors related to dental caries) and those assessed for each town, referring to socio-economic conditions and to the water supply in each municipality (median household income, percentage of residences connected to the water supply and the condition of the supply of fl uoridated water in the municipality).
The socio-demographic characteristics of the individuals and their families were obtained using a questionnaire applied to the parents or guardians: child's sex and skin color and household income. indigenous). Household income was classifi ed into the following groups: up to R$ 500.00; from R$ 501.00 to R$ 1,500.00; from R$ 1,501.00 to R$ 2,500.00 and over R$ 2,500.00.
The following oral health problems analyzed in the clinical exams were included as related explanatory factors: bleeding gums 10 to 30 seconds after use of the dental probe and dental calculus. These conditions refl ect the quality and regularity of oral hygiene. Data on bleeding gums and calculus were collected according to their presence or absence in at least one sextant of the mouth, after using a ball pointed dental probe (WHO model). For each tooth in each sextant, six points were examined and the worst situation identifi ed. When analyzing the data, the categories of these variables were "yes" or "no". Another explanatory variable in this group was reporting discomfort when brushing, obtained through the following question in the questionnaire: "In the last six months, have your teeth caused you discomfort when brushing?", also categorized as "yes" or "no".
Second level explanatory variables included contextual factors related to the municipalities, in other words, characteristics of the children's physical and social environment which may infl uence dental caries. Data for each municipality participating in the SBBrasil were obtained from the IBGE 2010 census, providing information on median household income and the percentage of residences linked to the water supply. The National Survey of Basic Sanitation carried out by the IBGE in 2008, b provided information on fl uoridation (yes or no) of the public water supply in each municipality.
In the 2010 SBBrasil Project, two pilot tests were carried out in Florianópolis, SC, and João Pessoa, PB, in order to verify the planned coherence, fi eld logistics and feasibility of the study's instruments and methodology.
Before the data were collected, instructors trained and instructed around 570 dentists and 570 recording clerks. The training workshops took place in various cities all over the country, lasted 32 hours and included theory and practice. In order to standardize the team, the consensus technique was used. 8 The model proposed by the WHO 24 was used as the reference, with only those dentists who obtained a kappa statistic of 0.65 or above for inter-observer concordance allowed to participate as examiners in the survey.
The fi eld work teams were made up of an examiner (dentist) and a recording clerk, both working for the public health care services in the participating municipalities. The dental exams were carried out within the home, using natural light, a dental mirror and a ball b Instituto Brasileiro de Geografi a e Estatística (BR). Coordenação de População e Indicadores Sociais. Pesquisa Nacional de Saneamento Básico 2008. Rio de Janeiro; 2010.
point dental probe.
a Interviews with the head of the household were also carried out. The data gathering tool allowed demographic and socioeconomic information to be collected, as well as other data related to oral health (reported oral morbidities, use of dental services, self-perception and impact).
First, descriptive statistics of dental caries indices and its spatial distribution in the municipalities (state capitals and interior) was carried out. Associations between the prevalence of dental caries and each of the independent variables was verifi ed using the Rao-Scott test. Subsequently, Poisson multiple regression analysis was carried out, using the prevalence ratio as the measure of association. Mixed multilevel analysis models were estimated, 22 considering the children as the fi rst level of analysis and the selected towns as the second. The statistical analyses were carried out using the STATA 
RESULTS
A total of 81 children (1.1%) were not examined for dental caries for a variety of reasons (the examination was not authorized or not permitted, no resident was found at home or the presence of at least fi ve teeth with orthodontic bands) and were therefore considered to be sample loss. The fi nal sample was of 7,247 individuals.
The prevalence of the disease was estimated to be 56.0% (95%CI 51.1%;61.0%), with 22.2% (95%CI 18.1%;26.2%) of the children severely affected by dental caries (four or more teeth affected). Even when considering the 44.0% of caries-free children, the mean number of teeth which were decayed, fi lled or missing was higher than two per person: DMFT index = 2.04 (95%CI 1.76;2.31) ( Table 1) .
Inequalities in the geographic distribution of the disease were found; in the North and Northeast, dental caries indices were higher for both the state capitals and towns in the interior. Table 1 ).
The association between the prevalence of dental caries (DMFT ≥ 1) and socioeconomic conditions, as assessed by household income, was identifi ed. The prevalence of dental caries was signifi cantly higher in black, brown and yellow skinned children than in white children. However, this association lost its signifi cance when adjusted for the other factors in the multivariate analysis, suggesting that the variation in prevalence of dental caries among racial strata refl ects differences in socioeconomic conditions between these groups (Tables 2 and 3 ).
The prevalence of dental caries (DMFT ≥ 1) was also signifi cantly higher among children with dental calculus or bleeding gums on probing. Considering adjustment for the other variables, included in the multivariate analysis, children who complained of discomfort when brushing had a higher prevalence of dental caries 18% (8% to 29%) higher than their peers without this condition (Tables 2 and 3 ).
The same individual and household characteristics associated with the prevalence of dental caries were also recognized as being statistically associated the prevalence of severe cases of dental caries (four or more teeth) (Tables 2 and 4 ).
All of the contextual factors included in the study were associated with the prevalence of dental caries. The proportion of children affected by the disease was signifi cantly higher in towns which did not add fl uoride to the public water supply (p < 0.001) and in those with the lowest median incomes (p < 0.001). These associations remained statistically signifi cant in the multivariate analysis (Tables 2 and 3) . The factors associated with the prevalence of dental caries were also recognized as being signifi cantly associated with the prevalence of severe attacks of dental caries (four or more teeth affected) at the contextual level of analysis (Table 2 and 4) .
DISCUSSION
This study shows the continuing trend for declining levels of dental caries in Brazilian children and that this decline was unequal across the population, with a higher burden of the disease affecting deprived children.
When comparing these results with those of the national epidemiological survey carried out in 2003, the values described in this study indicate a continuing decline in 12-year-olds affected by dental caries, observed in the 1990s. In 2003, the DMFT index was 2.78; the prevalence (CPO ≥ 1) was 68.9%; and the prevalence of DMFT ≥ 4 was 33.5%.
Despite the overall decline in the prevalence of dental caries, signifi cant inequalities were observed in levels of the disease. The worst indicators of the disease were observed in children from families on the lowest levels of income and those who lived in municipalities with the worst economic indicators and poor access to fl uoridated water. The socioeconomic and geographic inequalities in dental caries remain since the first national survey in 1986, when a higher prevalence of the disease was also observed in those regions of Brazil which were more economically disadvantaged. 13 Children with black and brown skin color had a higher prevalence of dental caries and of a severe attack of dental caries than white children. This fi nding indicates that previously reported inequalities between racial strata and dental caries remain. 1, 3 However, the association between skin color and dental caries indices lost its signifi cance in the multivariate analysis, which suggests that this difference is largely due to the poorer socio-economic conditions of black and brown children in the Brazilian population.
The poorer conditions of black and brown children with regards to dental caries prevalence also needs to be assessed, studying the components of the DMFT index, something not done in this study. Specifi cally dealing with the prevalence of untreated dental caries in Brazilian adolescents, Bastos et al 4 (2009) reported higher levels of the disease in groups with black and brown skin compared with those with white skin.
This study recorded and quantifi ed the association between the prevalence of dental caries in children and indicators of access to fl uoridated water in the municipality. This observation has a positive aspect, as it shows the need to continue and expand this strategy in the present. 11, 14 However, this association also highlights the diffi culty in overcoming health care inequalities which are both unfair and avoidable. 16 Although fl uoridating the water supply has been compulsory in Brazil since the 1970s, in 2008 39.4% of Brazilian municipalities did not provide this, the majority of them being situated in the poorest areas of the country. -54.9%. b As these regions are also those which have the lowest household incomes and coverage of the public water supply, the multivariate analysis attenuated the association found in the non-adjusted analysis.
In general, the contextual variables (principally fl uoridated water) were as important as individual variables, because all of these, with the exception of skin color, continued to be signifi cantly associated with the prevalence of dental caries in the multi-level analysis. However, when the group of children who suffered from severe cases of dental caries (DMFT ≥ 4) were evaluated, the strength of the association increased for oral health problems (presence of dental calculus and bleeding gums) and reporting discomfort when brushing. This observation suggests that the quality of dental hygiene may reduce the severity of dental caries, although the scientifi c evidence on the effectiveness of hygiene as a way of preventing this disease is considered weak. 23 Other aspects which may infl uence this association, such as the presence of fl uoride in toothpaste and the frequency and quality of brushing should also be considered. 7, 10 As the cause-effect relationship could not be verifi ed in this study, reverse causality can still be considered, in other words, more severe dental caries may be an exposure factor of the other oral health problems (bleeding gums and discomfort when brushing).
The cross-sectional design of this study is recognized as a limitation. Therefore, the highlighted associations are merely references in the discussion of explanatory hypotheses. Even so, the data from this study are deemed to be the best information available for planning oral health care at a national level. Another limitation of this study was the lack of information on the mothers' or guardians' level of schooling in 
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the database, as these variables are recognized as important in analyzing the distribution of dental caries in childhood. The lack of offi cial data on the HDI of Brazilian municipalities in 2010, a database of recognized importance in analyzing the distribution of dental caries, is also a limitation of this study as it is not possible to analytically explore these contextual factors of oral health problems.
The results found are important in consolidating knowledge of the distribution of dental caries, its decreasing trend and the inequalities which still affect the country. It is also important to assess the infl uence of individual and contextual factors in the prevalence of the disease. The existing inequalities, characterized by the higher prevalence of dental caries in the poorer groups of the population are persistent and refl ect marked inequalities in Brazilian society and their implications for the population's health.
Thus, the need for interventions which could reduce existing inequalities between and within countries is underlined, as proposed by the Commission on Social Determinants of Health. 6 The results of this study also show that oral health care policies which only focus on changing behavior are ineffective strategies in reducing inequalities in oral health care, especially with regards to the distribution of dental caries in children. Thus, in addition to activities aimed at structural determinants of the health-disease process, 21 universal access to fl uoridated drinking water should continue to be one of the priorities of national oral health care strategies.
